Abstract-The research work is on determination of optimum dosage of soda ash and lime in treating underground water in Makurdi metropolis. In carrying out the work, samples of borehole and well water from five different locations of the study area were analyzed to ascertain the level of hardness and subsequently, determine the optimum values of soda ash (Na2CO3) and lime (Ca(OH)2) that will reduce the water hardness. The locations were, North Bank, Wurukum, Wadata, High Level and Kanshio. The raw water hardness level range from 80mg/l to 200mg/l averagely, which is above WHO (2005) drinking water standards of 75mg/l to 100mg/l. After treatment, the pH was found to range between 6.8 -7.8, while the hardness obtained ranged from 76mg/l to 100mg/l and 20mg/l to 80mg/l for borehole and well water respectively, which is slightly within the WHO (2005) standard. The optimal dosage of Na2CO3 and Ca(OH)2 were determined to be 2.4 ml each with a positive correlation of 0.90. It is recommended that, soda ash be used for the treatment of underground water hardness for safe drinking, while lime be used for other domestic purposes for cost effectiveness.
I. INTRODUCTION
Water is one of the most essential commodity to humanity next to air in the order of importance. The largest source of fresh water lies underground which is a good source of drinking water that will promote good health for the inhabitants. Rainfall is considered as the main source of water on the earth surface. The difference between underground water and other sources of water is that, its pressure is greater than atmospheric pressure [1] - [13] . underground water quality depends upon the type of material found as water move down the aquifer, which is controlled by the movement of the pollutants along the flow path [7] . Where the water-table is shallow and the soil is porous, dissolved gases, nitrates, dissolved salts etc, may be pass on into the underground water system [14] .
As the water flows through the route in rocks underground, it forms complexes of ionic, molecules or colloidal sate which according to [11] may be group into dissolved gases, organic substances etc. Water acts as a solvent, because, as rainwater infiltrate through the soil and sub soil, carbon (iv) oxide and Sulphur (iv) oxide from the atmosphere and from the soil dissolve in water giving rise to weak acids. Most of these acids are neutralized in the water depending on the susceptibility of the strata to chemical Published on March 11, 2017 . T. J. Utsev is with Federal University of Agriculture, Makurdi, Benue State Nigeria (e-mail: utsevterlumun@gmail.com).
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attack [10] .
Water Hardness is considered as one of the most problematic water quality indicator as reported by United State consumers and ground water form more than 60 percent of the earth's water, were 85 percent of the U.S. water is dominated with hard water. Hard water is formed when water travels through rocks and soil picking up minerals including calcium and magnesium, ions [18] . Hard water poses a big challenge to almost every cleaning task from laundering and dishwashing to bathing and personal usage. Clothes washed in hard water may look dingy and feel harsh and scratchy. Hardness of water varies from soft through moderate hard to very hard, that people who live in hard water areas suffer less from heart problem than those who live in soft water areas. The hardness may be beneficial in drinking water despite the problem it may create such as consumption of soap, development of scales in boilers influences dying process, develops bad taste and corrosion and encrustation in pipes [12] .
Water hardness can be defined in term of excess lime softening as an aggressive removal of magnesium that often requires a pH treatment of 11 or higher [8] . Water hardness is considered challenging by most U.S. consumers as more than 85% of the United States inhabitants suffer from water hardness related problems. Hard water challenges occur when excess minerals in the water create certain unhealthy problems. Water hardness is not a safety issue because it creates water problems which can be frustrating [9] . According to [4] , approximately 22% of the world's fresh water is underground water, and it flows naturally through soil and rock thereby picking up minerals. Figure 1 The temperature ranges between 17oC to 36oC, with a mean annual rainfall of 1300.4m/hr. The raining season lasts for about seven months from March/April to October/November with the highest rainfall usually between July and September. The aquifer system in Makurdi metropolis is mainly unconfined pyretic aquifer. Salt deposit at the north cast of Benue Sate had been in history for quite a long time. The north east part of Benue state is an area where there was a sea containing large deposit of salt precipitates. Eventually, when the sea dried as a result of climate and environmental factor, this affect the geological formation which suggested what might contribute to the salinity of the water obtained from underground source [1] . The geologic formation of Makurdi consist of unconsolidated easily dissolved sediment and laterite gravel with the uneven shapes of the river valley containing very thick deposit of unconsolidated sand [6] , while, Benue is generally marked by a lot of igneous activity [15] .
A. Study Area

B. Effects of Water Hardness
Hard water requires a lot of soap for washing before it can form a later. It also causes furring of kettles and boilers. Hard water cannot be used for dyeing and tanning in cloths manufacturing industries as the salts in it interfere with the modes of action of these processes. Water quality data have many uses, and they are generated by the characterizations of water by analyzing for different parameters with classical and instrumental techniques [17] . [2] reported the use of spring water as an economical option in some developing countries, which for optimum utilization, some improvement work at the source is usually required. This study is aimed at determining the optimum dosage of soda ash and lime in underground water treatment for Makurdi town.
II. MATERIALS AND METHODS
Borehole and hand dug well water samples were collected from North Bank, Wurukum, Wadata, High Level and kanshio areas of Makurdi. The laboratory analysis of collected water samples was carried out at Benue State water works using appropriate water testing standards [3] . Lime Ca (OH)2 and Soda ash (Na2CO3) solutions were prepared and the pH for the raw water, soda ash and lime solutions were obtained.
A. Preparation of Soda Ash (Na2CO3) Solution
Fifty-six gram (56g) of powdered soda ash was weighed using the weighing balance and was dissolved in 100ml of distilled water which was then flocculated for 178 rev/min so as to attained complete dissolution. The solution was also allowed a setting time of 20 minutes. This was also considered as 10% by mass of soda ash solution and a drop of the prepared solution was known to be 0.1ml.
B. Preparation of Lime Ca(OH)2 Solution
Thirty-nine grams (39g) was weighed and then dissolved in 100ml of distilled water. It was then flocculated for 178rev/min after which it was allowed a settling time of 20minuts and was also considered as 10% by mass of slaked lime solution with a drop being 0.1ml. After that, the initial pH, total hardness and temporary hardness of the raw water were determined. Tables I-X below shows the various locations where the samples were obtained with their corresponding depths and date drilled. 
III. PRESENTATION OF RESULTS
Borehole and well water samples were collected from the different sampling locations and treated considering the following factors: variation in soda ash and lime dosage, contact time and speed of flocculation.
A. Variation of Dosage (ml)
Dose was varied from 0.8 ml, 1.6 ml, 2.4 ml, 3.2 ml, 4.0 ml and 4.8 ml to obtain optimum dosage. The optimum dosage was obtained to be 2.4ml.
B. Variation of Contact Time
The optimum contact time was obtained by varying the time from 10 minutes to 35 minutes to minimize cost, and the optimum contact time was 20min.
C. Optimum Dosage of Lime (Ca(OH)2)
The pH value and initial hardness of the raw water sample were noted. Also noted were the pH and the concentration of lime. The lime solution was then added to the raw water sample drop by drop and each time testing for hardness and the corresponding pH. Increasing the drop of the lime solution by 10% each reaches a point where the degree of temporary hardness was no longer decreasing but remains constant with addition of lime drop (ml). At this point, optimum value of lime for hardness removal was attained. This was also noted to slightly fall within [16] standard for drinking water of 100mg/l at most. The corresponding hardness values for each sample were recorded together with their corresponding pH values.
D. Optimum Dosage of Soda Ash (Na2CO3)
In the laboratory, the pH value and initial total hardness of the raw water samples were noted. The pH and concentration of soda ash was also noted. The soda ash solution was then added to the raw water sample drop by drop and each time testing for total hardness using the model HA-4P-MG-L, EDTA titrant. It was noted that, the pH of the raw water sample gradually increases as the drop of Na2CO3 (soda ash) increases and as total hardness degree reduces, this was due to a high level of hardness in the sample which was not within the [16] pH range of 6.0 to 8.0 for drinking water.
As the drop of soda ash (Na2CO3) gradually increase by 10% each, it reaches a value where the degree of total hardness was no longer decreasing but remains constant with addition of soda ash drops (ml). At this point, optimum dosage of soda ash needed to effectively convert the raw water samples to drinkable value was reached. It was also found that the value of total hardness obtained were within the [16] standards of 100mg/l. The optimum dose and contact time were maintained and speed of flocculation varied to obtain optimum speed of 178rev/min for the experiments.
The plot of average hardness removed (%) against dosage of soda ash (Na2CO3) (ml) and Ca(OH)2 (ml) for the five areas in Makurdi are presented in Fig. 2-11 . The optimum dosage of soda ash and lime for the treated underground water was therefore obtained from the overall average of the five locations. 
A. Analysis of Water Hardness Removal from Soda Ash and Lime
Raw water samples from North Bank, Wadata, High Level, Wurukum and Kanshio boreholes were found to have water hardness concentration ranging from 84mg/l to 200mg/l. While well water samples ranged from 44mg/l to 140mg/l for the same locations, which gave hardness values above [16] permissible limit for drinking water. This is due to the presence of sulphate, chloride and nitrate of calcium and magnesium in the sampled areas. At the optimum dosage of Na2CO3 and Ca(OH)2 of the treated samples, the hardness concentration ranges from 84mg/L to 100mg/L and as such, one can really said that, at optimum dosage of Na2CO3 and Ca(OH)2, the hardness concentration falls within [16] standards of 75mg/L to 100mg/L for drinking water, while for well sample, the hardness concentration ranges from 20mg/l to 80mg/l which is slightly below the [16] standards of 75mg/l to 100mg/l.
From Fig. 2-11 , it shows that, at optimum dosage of 2.4 ml the average hardness was reduced to 84mg/l and 116mg/l for both soda ash and lime respectively. These implies that soda ash is more effective than lime in softening water for drinking, but lime is adequate and cost effective for other domestic purposes for well water in Makurdi. The pH of the treated water at optimum values of soda ash (Na2CO3) and lime Ca(OH2) ranges between 6.2 -7.8 and 7.1 -7.9 respectively. The pH values fall within the [16] , drinking water standard of range 6.0 -8.0.
B. Evaluation of Optimum dosage of Na2CO3 and Ca(OH)2
The optimum dosage of Na2CO3 was found thus: 10g/10% Na2CO3 = 100ml of solution Xg/10% Na2CO3 = 2.4ml of solution Xg = 10 X 2.4 = 0.24g of Na2CO3 100 at optimum dosage. The optimum dosage of Ca(OH)2 was also found viz: 10g/10% Ca(OH)2 = 100ml of solution Yg/10% Ca(OH)2 = 2.4ml of solution Yg = 10 X 2.4 = 0.24g of Ca(OH)2 100 at optimum dosage. Hence, 0.24g gives the optimum dosage of soda ash and lime for water treatment in Makurdi metropolis and these were obtained at the point where the pH values become constant with addition of Na2CO3 and Ca(OH)2. Applying the correlation co-efficient equation Since the value of r is closed to +1, the relationship between Na2CO3 and hardness is positively correlated. This means that, the Na2CO3 concentration (ml) and hardness (mg/l) is inversely proportional, i.e. the higher the concentration of Na2CO3, the lower the degree of hardness. Applying the correlation co-efficient equation Since the value of r is very closed +1, the relationship between Ca(OH)2 concentration (ml) and hardness (mg(L) is also highly positively correlated.
C. Regression Analysis
V. CONCLUSION
The laboratory analysis of water samples in Makurdi metropolis based on the presence of hardness indicated that, the average hardness (mg/l) of Borehole water samples for North Bank, Wadata, High level, Wurukum and Kanshio were 150mg/L, 180mg/L, 100mg/L, 100mg/L and 110mg/L respectively, and that of Well water samples of same location were 110mg/L, 120mg/L 110mg/L 120mg/L and 130mg/L respectively. This generally shows that, Makurdi metropolis depict high level of water hardness which are outside the [16] drinking water standards of 75mg/L100mg/L. The high hardness values are attributed to the geological formation of Makurdi which contains much limestone and other related minerals that causes hardness. Optimum values of Na2CO3 and Ca(OH)2 were obtained to be 0.24 g each. pH was found increasing as the concentration of Na2CO3 and Ca(OH)2 were increasing and became constant at a point with further concentration. The pH range was between 6.8 -7.8 which was within the [16] standard range of 6.0 -8.0 for drinking water.
From the findings, it is recommended that, because of the substantial cost associated with the use of excessively hard water in Makurdi, underground water used for domestic purposes except drinking, should be softened with lime for cost effectiveness. Boreholes in Makurdi should be checked within specific time intervals to maintain drinking water standards for portable consumption. Wells should also be covered with sanitary seals to prevent pollution by surface water, while, concrete apron and effective drainage be constructed to carry waste water away to avoid seepage.
